The United States is home to 23 million veterans. In many instances, veterans with serious illness who seek healthcare at the VA receive care from a palliative care service. Animal-assisted intervention (AAI) is gaining attention as a therapeutic stress reducing modality; however, its effects have not been well studied in veterans receiving palliative care in an acute care setting. A crossover repeated-measures study was conducted to examine the effects of an animal-assisted intervention (AAI) in the form of a therapy dog on stress indicators in 25 veterans on the palliative care service at the VA Eastern Colorado Healthcare System in Denver, CO. Veterans had a visit from a therapy dog and the dog's handler, a clinical psychologist (experimental condition) and an unstructured visit with the clinical psychologist alone (control condition). Blood pressure, heart rate, and the salivary biomarkers cortisol, alpha-amylase, and immunoglobulin A were collected before, after, and 30-minutes after both the experimental and control conditions. Significant decreases in cortisol were found when the before time period was compared to the 30-minutes after time period for both the experimental (p ¼ 0.007) and control condition (p ¼ 0.036). A significant decrease in HR was also found when the before time period was compared to the 30-minutes after time period for both the experimental (p ¼ 0.0046) and control (p ¼ 0.0119) condition. Results of this study supported that a VA facility dog paired with a palliative care psychologist had a measurable impact on salivary cortisol levels and HR in veterans.
Although AAI may be effective in providing comfort and reducing stress for veterans in an acute care setting, there is no known empirical evidence that dogs can impact stress biomarkers to support this claim. This research was conducted to fill a gap in knowledge and to support that it is feasible to conduct a study of this nature in an acute care setting.
The literature does indicate that dogs have an impact in other settings. Orlandi et al found that patients who chose to have chemotherapy in a room with therapy dogs present experienced a decrease in depressive symptoms and no worsening of physical symptoms (as opposed to a control group whose symptoms worsened during treatment). Patients in this study were also found to have significantly better oxygen saturation than those who chose not to have dogs present, whose saturation actually decreased. 3 Interaction with therapy animals can help individuals tolerate painful and frightening procedures. For example, animal-assisted therapy (AAT) reduced fear by 37% and anxiety by 18% as measured by visual analogue scales in psychiatric patients before electroconvulsive therapy. 4 Additionally, a single AAT session was associated with reduced anxiety for patients hospitalized with psychotic disorders, mood disorders, and other psychiatric diagnoses. 5 Recent literature is replete with data on the benefits of pet ownership, and specifically dog ownership, on physical activity. Dog owners engage in more minutes of physical activity daily with the responsibility involved in walking and general care of a dog accounting for this association. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Certainly, a higher level of physical activity may explain some of the positive effects of dog ownership on cardiovascular health, 17, 18 but evidence also suggests that animal interaction may exert an independent effect on blood pressure (BP), autonomic function, and cardiovascular reactivity.
Palliative care patients experience stress related to serious illness. For veterans, this can be compounded by posttraumatic stress disorder related to their military experience, making it important for the health-care community to examine alternate interventions to address the stress that accompanies serious illness and end of life. [19] [20] [21] [22] This study sought to examine AAI as a nonpharmacological modality to provide reductions in stress and corresponding stress biomarkers. By measuring the physiological stress markers such as salivary cortisol, a-amylase, immunoglobulin A (IgA), BP, and heart rate (HR), this study was designed to provide empirical evidence regarding the relationship between AAI and physiological markers of stress in hospitalized veterans.
Methods

Description of Population
This study took place at the VA Eastern Colorado Health care System in Denver, Colorado. The hospital's palliative care service supports comfort care and interventions for hospitalized veterans. Inclusion criteria were (1) veteran of the US Armed Forces and (2) admitted to the palliative care service for at least 24 hours. The rationale for inclusion criterion 2 is that hospital admission has historically been associated with an increase in stress and anxiety for all patients. 23 Exclusion criteria were (1) allergies to dogs, (2) fear of dogs, (3) immunosuppressed, (4) Methicillin-resistant Staphylococcus aureus infection, and (5) intensive care status.
Study Design and Research Methods
The rights of human participants were protected, and researchers received approval from the institutional review board of the VA Eastern Colorado Health care System/COMIRB.
Physiologic Biomarkers
Researchers obtained voluntary informed consent from the participants prior to data collection. Allostatic load has been described as the wear and tear that stress causes on the human body over time. 24 Allostatic load is an important index to in palliative care research since chronic illness may lead to chronic stress. The physiological consequences of chronic stress may lead to heightened neural or neuroendocrine responses, causing stress hormones to strain biological systems and weaken immune systems. 25 Adaptation is essential in order for the body to maintain homeostasis and allostasis. When older veterans are faced with the necessary experience of hospitalization, AAI may provide comfort and reduce stress. Therefore, we measured salivary biomarkers cortisol, a-amylase, and IgA and cardiovascular responses to stress in veterans receiving palliative care at the VA hospital.
Cortisol
Steroid hormones, such as cortisol, are found in the bloodstream as free steroids and are diffused into saliva. Current literature supports that steroid hormone concentration in saliva is as reliable as in blood serum. 26, 27 Cortisol is a glucocorticoid hormone involved in the metabolism of biomolecules to create supplemental energy in response to physiological and psychological stressors. Salivary cortisol circadian rhythm is stimulated by waking in the morning and peaks about 30 minutes thereafter. One study found that elevated cortisol levels caused higher BP. 28 Ebrecht et al found that increased cortisol levels due to stress prolonged the healing of wounds. 29 
Alpha-Amylase
Alpha-amylase is a salivary protein that current literature supports as a noninvasive measurement of psychological stress. 30 Research has indicated that salivary a-amylase increases after exposure to stress. 31 Like cortisol, a-amylase levels display a distinct circadian rhythm throughout the day.
Immunoglobulin A
IgA is the most prevalent immunoglobulin in the body. It is also the most abundant, specific defense factor in saliva and prevents many pathogens in the mucous membranes lining the mouth, airways, and digestive tract. 32, 33 The IgA levels also vary over a 24-hour period, peaking in early afternoon and steadily decreasing over the rest of the day. 34 Reductions in stress result in increases in IgA levels. 33 In at least 1 experimental study, a significant increase in IgA levels (P < .05) was reported from a group of participants who experienced petting a dog, compared to a group petting a stuffed animal, and the control group. 35 Based on the studies, it was posited that a dog intervention reduces stress and thereby increases salivary IgA levels and immune health. Cardiovascular response can also be used as a surrogate for stress as noted by increases in BP and HR. 36, 37 
Data Collection Procedures
Salivary samples, BP, and HR were obtained before, immediately after, and again 30 minutes after the control and experimental sessions. An Research Team Member (RTM) placed a swab sublingually in the participant's mouth for approximately 90 seconds to ensure adequate saturation (approximately 400 mL) before and after the sessions. Swabs were placed in a sterile, conical, tube cap and labeled with a coded, numbered label that contained no personal health information. The vial number was recorded on the data collection sheet located in the survey packet to enable correlation of study results. All saliva samples were stored and frozen in a locked medical freezer at À20 C within 2 hours after collection. Samples were handdelivered by a trained RTM to the University of Colorado Denver, Anschutz Medical Campus, Behavioral Immunology and Endocrinology Laboratory for enzyme immunoassay analysis as per manufacturer's protocol [38] [39] [40] and then discarded as per laboratory protocol. Cortisol, a-amylase, and IgA was measured using a commercially available saliva collection device, the Salimetrics' Oral Swab, recommended for collecting saliva in adults. 41 Veterans' BP and HR were taken by an RTM using a VA automatic BP and HR monitor. These measures took place with the veteran sitting upright.
Study Instruments
Demographics and characteristics questionnaire. The Demographics and Characteristics Questionnaire was developed specifically for this study. The questions collected data on participants such as gender, age, race, military rank, military branch, education, pet ownership, and living arrangements as well as subjective views on the intervention.
Coping Strategy Indicator. The Seeking Support subscale is an 11-item, summative, Likert-type rating scale that measures coping. 42 The scale uses a 3-point scale-1 (most negative option) to 3 (most positive option). The scale scores can range from 11 to 33; higher scores indicate greater use of seeking support as a coping strategy. The psychometric evidence has been reported. 42 The instrument has also been found to be reliable in a sample of adults in that the coefficient a of .90 was reported in a study of 191 respondents. 2 Center for Disease Control Health-Related Quality of Life. The Health-Related Quality of Life (HRQOL) measures self-related general health and the number of recent days that an individual was physically unhealthy, mentally unhealthy, or had activity limitations. 43 For the purpose of this study we assessed question one using a 5-point scale -0 (poor) to 4 (excellent), and higher scores indicate greater self-related general health. In the study of Andresen et al, 44 the HRQOL retest reliability was excellent (0.75 or higher) for self-reported Health and Healthy Days measures and moderate for other measures. The HRQOL has also demonstrated criterion, construct, and internal validity. 45 University of California, Los Angeles, Loneliness Scale: version 3. The 20-item, summative, 4-point Likert-type rating scale measures the subjective experience of loneliness by frequency and extent of agreement and disagreement-1 (never), 2 (rarely), 3 (sometimes), and 4 (always). 46 The scale scores can range from 20 to 80, with higher scores indicating higher levels of loneliness.
Psychometric evidence for the revised University of California, Los Angeles (UCLA) Loneliness Scale version 3 (LS3) has been reported in college students, nurses, teachers, and the elderly. 46 The UCLA-LS3 has been found reliable with a coefficient a of .89. 47 Perceived Stress Scale. The Perceived Stress Scale (PSS) is a 10-item, summative, Likert-type scale that measures the degrees to which life situations are appraised as stressful. 48 The instrument uses a 5-point scale-0 (most negative option) to 4 (most positive option). The scale scores can range from 0 to 40; higher scores indicate a greater appraisal of life situations as stressful. The psychometric evidence has been reported. 48 This instrument has been found to be reliable in a sample of young adults in that the coefficient a of .85 was reported in a study of 67 respondents. 49 Pet Attitude Scale. The Pet Attitude Scale (PAS) is an 18-item, summative, Likert-scale that measures pet attitude. 50 The scale uses a 7-point scale-1 (strongly disagree) to 7 (strongly agree). The scale scores can range from 18 to 126, and higher scores indicate a more favorable pet attitude. The psychometric evidence has been reported. 50 The reliability of the instrument has been found with a coefficient a of .94. 51 
Facility Dog
The dog in this study was Waffle, a 4-year old, 60-lbs, Labrador/ Golden Retriever crossbreed. Waffle is the facility dog with the VA palliative care team, partnered with psychologist Elizabeth Holman. Waffle was provided by Canine Companions for Independence (http://www.cci.org/), which trained and certified her as a facility dog and trained Holman as her handler.
In both the control and intervention conditions, veterans participated in an unstructured visit with the clinical psychologist. Each session was held in the veteran's room or location of their choosing (utilizing the same location for both conditions). Veterans were free to choose the topics of discussion, with the psychologist engaging around the subjects that interested them. Although there were no standard questions asked of all participants, discussion often included the veteran's medical condition and their thoughts regarding hospitalization, as well as their thoughts about dogs and history with their own pets. Perhaps unsurprisingly, loss and relationships were common themes.
Baseline (Time 1)
All participants in this crossover study were assigned to both treatment and control condition in random order. At baseline (Time 1), participants were given a packet with all study instruments. Because study instruments were potentially subjected to context effects, such as priming (eg, stress), surveys were counterbalanced (specifically ordered) to rule out order effect. 52 Veterans completed the packet in their hospital room, and the completion of the instruments took approximately 20 minutes.
Control Condition (Time 2 or Time 3)
At the beginning of the control condition (also held in the veteran's room), the veteran provided an unstimulated saliva sample, and a measurement for BP and HR was obtained. In the control condition, the veteran had an unstructured visit with the clinical psychologist alone. Immediately following the 20-minute session, the participant provided an unstimulated saliva sample and BP and HR measurements.
Treatment Condition (Time 2 or Time 3)
In the 20-minute treatment condition (also held in the veteran's room), the veteran had a visit from the facility dog and the dog's handler, who is also a clinical psychologist. To prevent washout and carryover effects, a 24-hour period in between conditions was observed. In addition, sessions for all participants (intervention and control) were scheduled at the same time of the day (between 8 AM and 11 PM) to control for diurnal variation is stress hormones ( Table 1 ). The AAI dog session was conducted based on guidelines taught by the Principle to Principal Investigator (PI) during the dog/handler study orientation. Veterans in the AAI session could interact with the facility dog by gently petting and talking to the dog. Within 2 minutes prior to the start of the 20-minute experimental session (AAI dog), a saliva sample and measurements for BP and HR were collected by the PI and/or trained RTM. The veteran provided an unstimulated saliva sample using a commercially available saliva collection device swab, which is recommended for collecting saliva in adults. 41 The BP and HR were obtained using an automatic BP monitor.
Analysis Plan and Statistical Description
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 23 for Windows and used software from the R core team (2015). The significance level was set at P .05. Cortisol, a-amylase, IgA, HR, and BP were examined for outliers and normality of distribution. Diagnostic plots indicated that cortisol was most appropriately analyzed on the log scale, and P values and effect sizes for cortisol in this manuscript use the log scale. Although BP exhibited some nonmesokurtic behaviors, this deviation from normality had little impact on hypothesis tests, and furthermore, in the absence of skewness, cannot be accommodated with a transformation. Furthermore, cortisol exhibited 1 outlier whose effect was mitigated, but not entirely removed, using the log scale. Since this individual was an outlier in the same direction during both the treatment and control phases of the study, the individual was not removed.
Analysis took place twice during the study-once approximately halfway through the data collection and another time at the end of the study. The hypotheses were tested using a 2-tailed test at an a level of .05. Prior to hypothesis testing, the data were examined for outliers, missing data, normality, and assumptions for the analyses. Corrective action was taken as required. Hypothesis tests involving variables with some values missing were performed using completecase analysis; most of the inferential procedures (1-sample paired t tests and 2-sample t tests) were simple enough not to benefit from data imputation, and data for the remaining analysis displayed a primarily monotone pattern of ignorable missing values.
One-sample paired t tests were used to test for differences in HR, 2 BP measurements, cortisol, IgA, and a-amylase from baseline, immediately posttreatment/control. This approach was repeated on data collected 30 minutes later. These 1-sample paired t tests were equivalent to 1-sample t tests on difference from baseline at each time point. Two-sample t tests on differences from baseline were performed to see if changes from baseline depended on treatment versus control condition. Pearson product-moment correlation coefficient was used to measure the strength of a linear association between study variables.
There was minimal risk associated with each participant's contact with the facility dog. Risk for the facility dog was also considered and a plan was in place to remove the dog from the room if she exhibited stressed behavior as observed by the handler. However, it was not necessary to implement this plan.
Results
Descriptive Statistics
Participants (N ¼ 25) ranged from 33 to 86 years old (M ¼ 65.32, standard deviation [SD] ¼ 12.26). There were 21 (84%) males and 4 (16%) females (Table 2 ). More than one-half of the participants were white/European Americans (n ¼ 17; 68%), followed by black/African Americans (n ¼ 4; 16%), Hispanic (n ¼ 3; 12%), and 1 Native Hawaiian/Pacific Islander. A majority of the participants served in the Army (n ¼ 11; 44%), followed by service in the Navy (n ¼ 6; 24%), Air Force (n ¼ 4; 16%), Coast Guard, (n ¼ 2; 8%), and the Marine Corps (n ¼ 2; 8%). Approximately one-half of the participants were divorced (n ¼ 12; 48%), followed by never married (n ¼ 4; 16%), married (n ¼ 3; 12%), 1 separated and 1 widowed. Participants' highest level of education completed to date included some college (n ¼ 6; 24%), advanced degree (n ¼ 5; 20%), high school diploma (n ¼ 5; 20%), associate degree (n ¼ 3; 12%), bachelor's degree (n ¼ 2; 8%), and other educational credentials (n ¼ 4; 16%). A majority of the participants lived alone (n ¼15; 60%), followed by living with spouse (n ¼ 3; 12%), a significant other (n ¼ 2; 8%), other family members (n ¼ 2; 8%), and other living arrangements (n ¼ 3; 12%). Pets were not present in the majority of the households (n ¼ 19; 76%); of the households that had pet dogs, the breeds included Bichon Frise, English Pointer, Schnauzer, Shih Tzu, and a mixed breed. All participants revealed that they had a pet dog at 1 time during their life. Descriptive statistics were run on the survey data after reverse scoring items as per scale developers. The results of the Coping Strategy Indicator (CSI) 42 Seeking Support subscale revealed that the participants sought support with a mean score of 23 (Figure 1) . No significant differences between baseline and immediate posttreatment/control event were detected, and no significant differences between treatment systolic BP and control and treatment diastolic BP were detected at 30 minutes. Means for each of these biomarkers, at each time point, are presented in Figure 1 . No significant differences were noted during either the control or treatment time points. Error bars represent standard 95% confidence intervals. Figure 1 contains line plots representing the pattern of biomarkers for both treatment and control groups over time. Vertical lines represent 95% confidence intervals for the means. The control group is represented by solid lines, and the treatment group is represented by the dotted lines. The plot for HR shows means for both groups decreasing, with treatment values slightly higher than control values. The plot for diastolic BP shows a similar pattern, with values for the treatment group dipping immediately after intervention. The plot for systolic BP shows a similar pattern but with the treatment group starting higher than the control group. The plots for a-amylase, cortisol, and IgA show increases in values immediately after event followed by decrease 30 minutes after event, with this pattern largely absent for the control groups.
No associations were significant between AAI, as measured by stress indicators (salivary cortisol, salivary a-amylase, salivary IgA, and vital signs) with veteran's current health in terms of coping ability (as measured by the CSI), 42 quality of life (as measured by the HRQOL scale), 44 loneliness (as measured by the UCLA-LS3), 46 perceived stress (as measured by the PSS), 53 and pet attitude (as measured by the PAS). 51 There were also no correlations between each of HR, diastolic BP, systolic BP, a-amylase, cortisol, and IgA compared to HRQOL, Loneliness, Stress, and Pet Attitude, by calculating pairwise correlations and applying the standard t-transformation.
Veterans were asked to rate their overall experience as a participant in this study. Likert-type scale response anchors were 0 ¼ poor, 1 ¼ fair, 2 ¼ good, and 3 ¼ excellent. Results revealed a mean score of 2.8 (SD ¼ 0.52), indicating that a majority of the participants had a good or excellent experience. Veterans were asked if they looked forward to the dog visit.
Likert-type scale response anchors were 0 ¼ not at all, 1 ¼ a little, and 2 ¼ very much. Results revealed a mean score of 2 (SD ¼ 0.00), indicating that all of the participants looked forward to the dog visit. Participants were asked if they enjoyed the dog visit. Likert-type scale response anchors were 0 ¼ not at all, 1 ¼ a little, and 2 ¼ very much. Results revealed a mean score of 1.88 (SD ¼ 0.33), indicating that the participants for the majority very much looked forward to the dog visit.
Participants were asked if given the option they would like the option to have a dog visit during hospitalization. Likert-type scale response anchors were 0 ¼ definitely not, 1 ¼ probably 
Discussion
A significant difference between the control condition (palliative care psychologist) and the intervention condition (palliative care psychologist plus AAI) was lower HR in the intervention condition 30 minutes post as compared to baseline. In terms of the stress biomarkers, a-amylase and cortisol, these markers will show a decrease in levels as the body responds to a decrease in stress; however, IgA does the opposite, in that the IgA levels will increase as the body responds to a decrease in stress. In this study, the results supported a significant decrease in cortisol when the before time period was compared to the 30-minute after time period for both the experimental and control condition. Moreover, the remaining biological salivary stress indicators (a-amylase and IgA) were not significantly different between conditions; the general trends were positive. The plots for HR supported a decrease in means in both control and intervention conditions suggesting positive impacts of intervention in general, albeit AAI or psychologist. However, most VA facilities do not have a facility dog to accompany a palliative care psychologist to assist veterans with presenting concerns. Therefore, it is important for the psychologist or other mental health providers to ascertain the appropriateness of the use of a facility dog if available or possibly the option of including the patient's pet dog or a therapy dog during therapy sessions. The results of this study support that it is feasible to conduct a study of this nature in an acute care setting. In this study, the presence of the facility dog plus the palliative psychologist helped relieve physiologic stress as measured by HR. This is consistent with the literature on AAI that indicates that the use of animals in a therapeutic setting can help to make the situation less threatening and assist in healing. 54, 55 McNicholas and Collis suggested that people sometimes bond more easily with animals than with other humans, as animals are indifferent to the person's material possessions, health and socioeconomic status, and social skills, and that the presence of a dog facilitates social interactions with other people. 56 The interactions in this study did not follow any specific script; instead, the veteran was allowed to talk about whatever they wished during both the control (psychologist only) and intervention (psychologist and facility dog) conditions. Although the conversations were not recorded and formally assessed, the psychologist's experience is that frequently the conversation was more superficial during the control condition, whereas the presence of the facility dog often allowed the veterans to drop down into more significant subjects such as their illness, existential concerns, past experiences, and hopes and fears for the future. This is consistent with the literature, which finds that the presence of the therapy dog can help reawaken the memories for those who have had a pet, providing a smooth and nonthreatening way to help people at the end of life engage in the important task of life review. 57 In addition, the dog can be a source of what Carl Rogers called ''nonevaluative empathy'' and ''unconditional positive regard,'' a benefit in and of itself and a way to open the participants to receiving them therapeutically from the psychologist. Kazdin points out that each of the concepts and benefits central to psychotherapy is also prominent in the research about human/animal relationships and concludes; ''thus, the systematic use of animals in the context of therapy is reasonable, intuitive, and consistent with the concepts of traditional psychotherapy.'' 58 Veterans on palliative care may struggle to find the motivation to engage in therapies or even leave their rooms. During the course of this study, there were several instances when a participant refused other activities but made a specific effort to take part in the study sessions based on the opportunity for a dog visit. This pattern is important to the current study that focused on brief targeted visits. In addition, there were lessons learned about the presence of a therapy dog. Veterans who participated in this study revealed that they had a good or excellent experience, looked forward to the dog visit, and would like the option to have a daily dog visit during hospitalization. The results of this study set up the steps to begin future work using AAI in the acute care setting which could translate to healthcare cost savings.
Limitations
There are limitations that must be taken into consideration when interpreting the results. Although this was a crossover design with the participants acting as their own control which substantiates a smaller overall sample size required for hypothesis testing, differences that existed may not have been observed due to the relatively small sample size. These results are not generalizable as this was a single-site study. Another limitation is the presence of the psychologist in both conditions; although the veterans directed the conversations in both conditions, one could ask whether there was anything in the psychologist's behavior and demeanor (conscious or unconscious) that affected the tenor of the interaction. A common problem in animal-related research is that neither experimenter nor participants can be blind to the study conditions.
Conclusion
The knowledge gained from the participants may help us better understand the role of facility dogs and physiological markers among hospitalized patients. The results from this study can be used to calculate effect size to determine sample size for future study. It was anticipated that patients who interacted with a facility dog would be less stressed and less anxious; therefore, the information gathered could potentially assist in the development of effective interventions for hospitalized veterans. The results of this study can be used to inspire additional biobehavioral research and clinical application. This research is important because it has the potential to validate a novel, noninvasive, and potentially cost effective way to reduce stress in hospitalized veterans. Prior to this study, confidence in the ability of AAI to benefit health was predominantly based on anecdotal information and personal opinion. By incorporating the measurement of physiological stress markers (eg, cortisol, a-amylase, IgA, BP, and HR), this project had the potential to provide both empirical and clinical evidence supporting these claims as well as pilot data to support future external funding. Incorporating a facility dog into palliative care may help provide comfort, and further studies are needed to understand the potential of this complement to currently available therapies.
